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Study Design. Narrative review and discussion of the
selected literature.
Objectives. To discuss some important methodologic
challenges in low back pain research in primary care.
Summary of Background, Data. Many methodologic
problems must be confronted when conducting low
back pain research. Some of these problems are back
pain specific or specific to the primary care setting.
Methods. Methodologic problems related to four re-
search issues will be discussed: study designs, defini-
tion of low back pain, determinants of low back pain,
and outcome assessment.
Results. Two fundamentally different study designs
are frequently used in low back pain research, namely
observational studies and experimental studies. The
definition of low back pain is typically restricted to a
highly variable self-reported symptom, the sensation of
pain in the back. There clearly is a need for an evi-
dence-based classification system for low back pain.
Because a tenable theoretical framework is lacking, it is
difficult to know which determinants of low back pain
should be quantified. Low back pain studies focus usu-
ally on health-related quality-of-life outcome parame-
ters. The identification of the minimum clinically rele-
vant changes for the most important outcome
instruments needs further consideration.
Conclusions. In years to come, low back pain re-
searchers are challenged to overcome some of these
(and other) problems to enhance the quality of low back
pain research in primary care. [Key words: classifica-
tion, low back pain, methodology, outcome measures,
primary care, study design] Spine 1998;23:2014-2020
Low back pain is clearly an important health prob-
iem.16,44,51 To gain more insight into the problem of low
back pain and to reduce the burden of low back pain on
patients and society, an impressive and increasing
amount of research has been conducted during recent
decades. Low back pain research covers a broad range of
disciplines: biomechanical, clinical, social, and health
sciences. This article focuses on low back pain research
in primary care from the clinical epidemiologic perspec-
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tive, although several of the topics are relevant in other
settings as well.
The main focus of this article is to discuss important
methodologic challenges that are currently faced when
conducting research projects in this field and to offer
tentative solutions for these challenges, when possible.
First, an overview is presented of the most prevalent
study designs for low back pain research. Second, the
operational definition of low back pain is discussed.
Third, the problems involved in the measurement of de-
terminants, while adjusting for extraneous factors are
outlined. Finally, the topic of outcome assessment is ad-
dressed, paying special attention to the quantification
of responsiveness.
n Study Designs for Low Back Pain Research
Most low back pain research in primary care falls within
the (clinical) epidemiologic tradition and the main objec-
tive is, directly or indirectly, to promote more effective
and efficient behavior in patients and health care profes-
sionals." Epidemiologic studies focus on the causal re-
lation between the occurrence of low back pain (as the
dependent variable) and other determinants (as indepen-
dent variables) such as etiognostic, diagnostic, or prog-
nostic factors, including therapy. The occurrence of low
back pain can be expressed categorically (i.e., presence
or absence of pain) or as a continuous measurement of
the severity of the pain or the related disability (for ex-
ample, on a visual analog scale [VAS]). The independent
variables in low back pain research tend to vary substan-
tially, depending on the study objective. Examples of
determinants studied include risk factors (occupational,
environmental, or individual factors), diagnostic indica-
tors (medical history or neurologic signs), and predictors
of prognosis (previous episodes of low back pain or du-
ration of low back pain). When evaluating the causal
correlation between an etiologic, diagnostic or prognos-
tic factor and low back pain, other determinants (con-
founders and effect modifiers) should always be consid-
ered carefully in the design and analysis.
To investigate research questions regarding low back
pain, in general, two fundamentally different study de-
signs are used: observational studies and experimental
studies. Observational studies focus on the description
and analysis of what is happening without interference
from the investigator. In a way, the purpose is to learn
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from "experiments of nature." Descriptive observational
studies include case reports and case series, in which the
investigator can only generate hypotheses but cannot
evaluate them. Analytic observational studies include
cross-sectional, case–control, and cohort studies, which
are designed to evaluate causal hypotheses and in which
comparison groups are included. Descriptive studies
may focus on prevalence or incidence of low back pain,' 8
frequency of referrals to paramedical therapists or med-
ical specialists,' use of diagnostic testing," and the
course of low back pain with tirrle.27 '29 '49 '5° Analytic
observational studies examine, for instance, the impact
of work-related risk factors, 8 '20 '21 the predictive value of
a computed tomographic scan," the early markers of
chronicity, 14" 9 the occurrence of low back pain in rela-
tion to radiographic signs of degeneration,45 the reliabil-
ity of neurologic tests' or radiograph reading,2 the ac-
curacy of physical examination for diagnosing
radiculopathy, 26 and outcome studies linking aspects of
care to the course of low back pain. 12-48 Because it is
ethically unacceptable to expose people to factors that
are assumed to cause low back pain or to affect its course
negatively, observational studies are often used to study
etiologic or prognostic factors. Some of the disadvan-
tages of observational studies are that they are suscepti-
ble to various types of bias, that they may require large
sample sizes, that they can be time consuming and ex-
pensive, and that the evidence of a causal relation may
not be convincing.'
Experimental studies, controlled clinical trials, or ran-
domized controlled trials are the preferred study designs
for the evaluation of clinical efficacy and cost-
effectiveness. 38 These designs are well accepted today for
examining preventive or therapeutic interventions but
may also apply to the evaluation of diagnostic interven-
tions. Diagnostic information is meant to make a differ,
ence. Apart from obtaining information regarding diag-
nosis ("what's wrong ?") and prognosis ("what will
happen?"), guidance on further action is the main con-
cern. Whether diagnostic information in fact helps in
deciding about further diagnostic testing and in selecting
therapeutic interventions, if any, should be studied in
randomized controlled trials with relevant end points.
Currently, these trials are extremely rare. At issue is the
impact on prognosis of diagnostic and therapeutic inter-
ventions combined into protocols. Because of the many
possible combinations, the design of these management
trials will be a major methodologic challenge for the
years to come.
n Definition of Low Back Pain
Perhaps the most important cause of the difficulties in
studying low back pain is the lack of a plausible patho-
physiologic or pathoanatomic explanation for most cas-
es.20,2101 In fact, "caseness" is typically defined by one
highly variable self-reported symptom, namely the sen-
sation of pain in the back. Etiologic and prognostic het-
erogeneity are probably pronounced among low back
pain patients. Consequently, there is great difficulty in
identifying homogeneous groups of patients who may
really benefit from the available options for preventive,
diagnostic, or therapeutic interventions.
In general, many disorders lack a clear pathologic ba-
sis and are defined as a syndrome consisting of a mix of
signs and symptoms. However, low back pain seems to
be unusual, in that consensus is still lacking even on the
definition of the syndrome, its relevant subcategories,
and the operationalization of the various aspects in-
volved. Several parameters may contribute to caseness or
its subcategorization. Cases are usually defined by char-
acteristics of the associated pain, such as the absence or
presence of low back pain, the intensity of the pain, the
duration of the pain episode, and the historic pattern,
which results in a label of acute, subacute, or chronic low
back pain.22 '41 '" The velocity of onset of the pain or the
presence of sciatica are also frequently used to classify
cases into subgroups. Besides the characteristics of pain,
a certain degree of disability is often considered to be a
necessary condition for caseness, as is sickness behavior
related to pain or disability. Examples of sickness behav-
ior are consultation with a general practitioner and ab-
sence from work because of low back pain.
Although lack of consensus on the definition of the
syndrome and its subcategories may explain some of the
difficulties low back pain researchers experience, the
problems involved in application of the rules for caseness
are also substantial. For example, measuring pain and
disability in a reliable and valid way is far from easy, and
it is therefore not surprising that in this area different
methods will lead to different results. Additionally, the
retrospective reconstruction of the course of symptoms
with time may be subject to a substantial amount of
recall bias. In addition, when low back pain patients are
recruited while visiting a general practitioner for an in-
cident or prevalent episode, considerable regression to
the mean is obviously to be expected:27'29 '53 Most cur-
rent subclassifications of low back pain are based on the
historic pattern of the symptoms. In this context, defini-
tions of the onset and the termination of an episode of
low back pain may be an additional source of contro-
versy between study results. 2s 's° An example of a simple
subclassification of low back pain, focusing on the pat-
tern of pain with time, is presented in Table 1. This clas-
sification depends on longitudinal information, prefera-
bly prospectively collected during a period of 12 months.
Additionally, the investigators define acute low back
pain as that which is neither (yet) recurrent nor chronic,
and therefore is potentially transients°
Obviously, reaching consensus on the definition of a
case of low back pain and identification of subgroups of
patients is important. However, the consensus should be
sufficiently evidence based. The challenge lies in the iden-
tification of homogeneous groups of low back pain pa-
tients— homogeneous in the sense that they will benefit
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Table 1. Definition of Phases in the Natural History of
Low Back Pain*
Term
	
Definition
Transient low back pain
	
An episode in which low back pain is
present on no more than 90 consecu-
tive days and does not recur over a
12-month observation period
Recurrent low back pain
	
Low back pain is present on less
than half the days in a 12-month pe-
riod, occurring in multiple episodes
over the year
Chronic low back pain
	
Low back pain is present on at least
half the days in a 12-month period in
a single or in multiple episodes
Acute low back pain
	
Low back pain that is not (yet) recur-
rent or chronic (as defined above)
and whose onset is recent and sud-
den
*Data from Von Korff M. Spine 1994;19:2041S-2046S.
from specific practical guidance for prevention and man-
agement. There is no guarantee that causal homogeneity
will automatically also imply prognostic homogeneity.
There is urgent need for good ideas about how to identify
homogeneous subgroups. These ideas may derive from
various sources including clinical practice, biomedical
studies, and biologic theories. In observational studies, it
can be determined whether the patients of the subgroup
at issue who receive the intervention actually profit more
than others who did not receive the intervention. Finally,
the efficacy of interventions in the subgroups of patients
should be studied in randomized controlled trials. This
route, of course, takes a long time to travel.
n Quantification of Determinants
Another pitfall is the quantification of determinants,
most notably in observational studies on the causes or
the prognosis of low back pain. With a view to effective
primary or secondary prevention, many researchers at-
tempt to identify risk factors for the occurrence of low
back pain or early predictors of chronicity. In a way, this
is the Holy Grail of modern back pain research.' The
general lack of success in this area can be explained in
part by methodologic difficulties. Because no well-
defined theoretical framework is available, it is difficult
to know which determinants to measure." Many poten-
tial determinants of occurrence or chronicity can vary
substantially with passing time and, consequently, diffi-
cult decisions must be made regarding time periods that
are relevant to exposure assessment. For example, in a
systematic review of observational studies of the corre-
lation between spinal radiographs and low back pain, it
was found that most of the included studies were case—
control studies in which low back pain status and radio-
graphic findings were assessed at the same time point or
in which the radiographs were related to low back pain
in the past. If the hypothesis is that degenerative changes
cause low back pain, the radiographic examination
should precede the occurrence of low back pain in
time.' However, how much time there should be be-
tween the development of, for example, degenerative
changes and the occurrence of low back pain is unclear.
The same problem occurs in occupational studies in
which the time span between the exposure to a potential
risk factor, for example lifting heavy weights, and the
occurrence of low back pain is unknown.
The next problem concerns valid and precise measure-
ment of the determinant at issue. There is often an inev-
itable trade-off between the quality of the information
and the feasibility or costs of obtaining it. One example is
the quantification of biomechanical risk factors in the
workplace, for which questionnaires are often used as
cheap proxy instruments for obtaining measure-
ments. 11 '21 To make matters worse, retrospective data
collection on many determinants is almost impossible,
whereas prospective data collection is often unfeasible
because of the costs and time involved.
n Controlling for Extraneous Factors
The problem of controlling for extraneous variables is
restricted to studies in which causality is at issue and
therefore, usually does not apply to diagnostic studies or
to etiognostic and prognostic studies that are focused on
merely predicting the occurrence or chronicity of low
back pain. Regarding these latter studies, a strong pre-
dictive power with a small set of easily measurable de-
terminants is all that matters. 19 However, when the fo-
cus is on actual or potential preventive or therapeutic
interventions, the modeling of causality is, of course, the
one and only purpose of data analysis.
Controlling for extraneous factors is problematic in
low back pain studies because insight into the multi-
causal pathway is lacking and the most appropriate de-
terminants are unknown. Apart from the central deter-
minant that is the focus of the study, many other
determinants may have an effect on the outcomes at is-
sue. Extraneous variables can function as confounders or
as effect modifiers. 39 Confounders influence the outcome
through a causal pathway in which the central determi-
nant does not play a role, whereas effect modifiers
weaken or strengthen the effect of the central determi-
nant, because of their role in the same causal pathway.
Extraneous factors can be controlled for in the study
design through restriction, prestratification, or match-
ing. However, because there are no explicit and plausible
theories on causal pathways, many confounders and ef-
fect modifiers remain unknown and unmeasured. There-
fore, control for extraneous factors is often not possible
in the study design, and the possibilities for stratified
analyses and multivariable regression modelling are lim-
ited. Only randomization can be of help in adjusting for
unmeasured extraneous factors, making this a potential
problem especially in observational studies. However, in
randomized controlled trials, extraneous factors can also
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Table 2. Some Examples of Outcome Measures and
Instruments in Low Back Pain Research
Outcome Measures	 Domain	 Instruments
Symptoms	 Individualized
	 Pain intensity WAS or NRS)
LBP specific	 Presence or absence of radiation
Generic	 Overall improvement (VAS or NRS)
Disability	 Individualized	 Functional limitation at baseline
(VAS or NRS(
LBP specific	 Roland Disability Questionnaire,
Oswestry Scale
Generic	 Sickness Impact Profile (SIP),
Medical Outcome Study Short
Form 36 (SF 36)
Role functioning	 Generic	 Work absenteeism (no. of days),
medical consumption, health care
utilization
VAS = visual analog scale; NRS = numerical rating scale; LBP = low back
pain.
play an important role after randomization. Some exam-
ples of this are differences among the groups concerning
cointerventions, compliance, and placebo effects and the
success of blinding.
Problems in the precise and valid quantification of
determinants in back pain research can also be a major
drawback in managing the extraneous variables in
causal analyses. Some examples of potentially relevant
extraneous factors that are difficult to measure are:
work-related biomechanical risk factors," individual
susceptibility, specific psychosocial stressors, 8 and the
influence of the social security system. The solution to
problems regarding controlling for extraneous factors,
although clear, is difficult to realize: Identify the factors
to be measured, and measure them with high-
quality instruments.
n Outcome Measurement
Substantial attention has been given to the design and the
clinimetric properties of outcome parameters in low
back pain research. 6,17,24,35,40 Whereas in etiognostic
and diagnostic studies caseness or one of its subclassifi-
cations usually constitutes the dependent variable, the
objective of most prognostic studies is to quantify out-
come in a more subtle way. Intervention research, geared
to the needs of primary care, typically focuses on health-
related quality-of-life outcome measures.' These mea-
sures include generic, low back pain-specific, and indi-
vidualized varieties. This last category focuses, for
instance, on the severity of the main complaint at base-
line, which may be different for each patient.5,43
Outcome measures may consist of a single global rat-
ing or of multiple items to be combined in an aggregate
score. The instruments at issue may cover symptoms,
disability, and role functioning, of which some examples
are provided in Table 2.
In choosing outcome measures for a study, several
methodologic issues should be subjected to careful con-
sideration, such as reliability, validity, responsiveness,
applicability, practicality, and comprehensiveness."
Many authors prefer to use their own ad hoc outcome
measures and instruments. However, information on the
clinimetric properties of the candidate instrument should
be available and should indicate favorable characteristics
for the instrument used. Although a certain amount of
information can often be obtained, some popular instru-
ments have escaped scrutiny, and direct comparisons be-
tween instruments are still relatively rare. 3 For example,
the Roland and the Oswestry disability questionnaires,
which were constructed without using a conceptual ap-
proach or empirical methods of item development, anal-
ysis, and selection, are the most widely used scales for
measuring disability in back pain patients. The Quebec
Back Pain Disability Scale was recently developed ac-
cording to clinimetric standards and showed measure-
ment properties similar to those of the other two
scales. 36 ' 37 The current investigators have compared the
Dutch translations of the Roland and the Quebec disabil-
ity scales and have concluded that both scales seemed to
be reliable, valid, and responsive.
Usually, more than one outcome parameter is used in
a study. If this is the case, their hierarchy must be con-
sidered carefully, or a way must be found to combine the
multiple end points before analyzing the data. The same
applies to the timing of the outcome assessments, possi-
bilities for blinding, and optimal methods for data anal-
ysis. The authors' extensive experience in reviewing ran-
domized controlled trials on low back pain indicates that
in these areas there is certainly still much room for
improvement in the design and the reporting of stud-
ies.1,31-34,46
n Responsiveness
The methodologic literature can also be confusing. An
example is the topic of responsiveness. The basic idea is
simple. When comparing follow-up severity scores with
baseline, three conclusions are possible: no change, de-
terioration, or improvement. A suitable outcome param-
eter should detect changes larger than a clinically defined
minimum. However, for this minimum clinically rele-
vant change there is usually no criterion or gold standard
available, and the absolute responsiveness of an outcome
parameter therefore cannot be established in many in-
stances. Using a surrogate criterion—typically, extend-
ing the "no change" zone—leads to inflated estimates of
relative responsiveness, which is perfectly acceptable
when the sole purpose is to compare the responsiveness
of several outcome parameters within a study. 3,4,10,24
The quantification of responsiveness consists typically of
the calculation of one or more of the many effect sizes
proposed in the methodologic literature. 42 The idea is to
calculate a "signal-to-noise ratio," in which the signal is
the change to be detected and the noise is the variability
in the absence of change. In addition, a receiver operat-
ing characteristics (ROC) curve is often plotted to show
the accuracy of detecting change according to the crite-
,
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Table 3. Baseline Score, Mean Change at 5 Weeks,
Effect Size Statistic and Area Under the ROC Curve for
Patients Classified as Improved (n = 38)*
Instrument
Baseline
Score
Mean Change
at 5 wks Effect Sizet AUC
Oswestry (0- 26.2 11.9 0.8 0.76
100)
Roland (0-1001 50.4 32.6 2.0 0.93
Pain last week 55.7 36.6 1.6 0.91
(0-100)
Main complaint 71.4 41.3 1.6 0.82
(0-1001
* Data from Beurskens AJHM et al. Pain 1996;65:71-76.
t Within patient mean change score divided by the standard deviation of the
mean change score.
rion for different cutoff points in the change score of the
outcome parameter.'
Table 3 shows an example of a study involving a com-
parison of the responsiveness of the Oswestry low back
pain disability questionnaire, the Roland disability ques-
tionnaire, pain during last week measured on a 0 to 100
VAS, and severity of the main complaint measured on a
0 to 100 VAS. 4 For the sake of convenience, all instru-
ments are transformed to express scores on a scale from
0 to 100. Included were 81 patients with nonspecific low
back pain of at least 6 weeks' duration. Outcomes were
measured at baseline and after 5 weeks of treatment.
Patients were classified as improved because they indi-
cated much improvement or complete recovery (n = 38),
according to their self-reported scores on a 7-point scale.
Thirty-eight additional patients were classified as unim-
proved also based on their self-reported ratings. Five pa-
tients' status deteriorated, and their data were excluded
from the analysis. Using effect size statistics and area
under the ROC curve analysis, it was concluded that in
this study the Roland disability questionnaire and the
pain rating (0-100 VAS) were more responsive than the
Oswestry scale and the severity of the main symptom
measured on a 0 to 100 VAS. 4 Unfortunately, the various
indexes of responsiveness do not always point in the
same direction.' That the reason is not yet fully under-
stood makes this another methodologic challenge. Simi-
larly, there is clearly a need for further development of
methods to identify minimum clinically relevant
change,23 '30-52 '54 including sample size calculations and
statistical tests to compare the responsiveness of different
outcome parameters.3
n Conclusion
This list of methodologic topics relevant for low back
pain research in primary care is far from complete. Sum-
marizing, the main methodologic challenges for the near
future concern the design of diagnostic efficacy studies,
the identification of homogeneous groups, a more accu-
rate prediction of the occurrence and chronicity of low
back pain, a more sophisticated modeling of causality,
and the identification of indexes of responsiveness and
identifying the minimum clinically relevant changes of
the most important outcome measures.
Most of the methodologic problems discussed will
continue to be prevalent in the near future. Identifica-
tion of these problems is only a first step in overcoming
the challenges. However, there are promising ad-
vances in many aspects of low back pain research to
date. Step by step, the research effort will contribute to
the reduction of the burden of low back pain on pa-
tients and society.
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